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Summary 

pE*picssion of large T-antigen in COS cells can be inhibited by treatmen. of cell monolayers wiih oligodeoxv- 
^nbonucleoudes complemenlary to large T mRNA. which were covalcntiv linked to poly-L-lysine Strongest 
gfflhjbition was observed with conjugates ofoligodeoxynucleolides that hybridize to the sequence imntediatciv 
J^^lothecap slnicture of the mRNA. Treatment of SV40 virus-infected'cV-l cells with the same conjugates 
-reduces the vinis-induced large /"-antigen expression by more than 80 °„. 



^Introduction 

#■ 

^;Inhibition of virus replication has been observed in cells transfecied with plasmids con- 
"|taining virus gene sequences in "antisense" orientation (1 , 2]: Since a prerequisite for a suc- 
soessful medical application of this procedure is a complete transfection of all cells, alternative 
pnethods have been searched for. TTie direct way of treating cells with chemically synthesized 
|ohgodeoxynbonucleotides complementary to different parts of the virus genome was used 
^ f mv ^'^^^ virus replication [3], and for inhibition of the expression 

.pi HIV-I reverse transcnptase and of virus proteins [4. 5]. In order to increase the uptake 
.Of ohgodeoxynbonucleotides by cultured cells, calcium phosphate precipitation was applied 
m. other approaches to penetrate the cell membrane barrier are based on oligodeoxyribo- 
^nucleotides chemically modified with methylphosphonate groups (7, 8) or with 3' or 5'- 
itenninai aminoacridine groups (9). By introduction of 5'-lerminal 4-(N-2-chloroethyl-N- 
^methylamino)benzyl-phosphamide groups covalent linkages between the oligodeoxy- 
.-nucleotidc and the Urget nucleic acid can be formed (10]. A significant inhibition of virus 
' replication in cell culture is not observed at concentrations of oligodeoxynucleotides less than 
:ZU jM.and in most cases 100 oftheoligodeoxynucleotide have to be applied. An increase 
ID the efTectivity of an "antisense" oligodeoxynucleotide is observed by covalent attachment 
S^ot poly-L-lysine (II. 12). a method originally developed to increase the uptake of enzymes by 
^cultured cells (13). In this case, an inhibitory concentration of 100 nM was sumcient to sup- 
jpress in vitro the replication of vesicular stomatitis virus (12). 

)J!^ ''"^V° '^^ inhibitory effect of different "antisense" oligodeoxynucleotides 

(conjugated to poly-t-lysine. the expression of SV40 virus large T-antigen was investigated 
L.u igodeoxynuclcotides complementary to different parts of the 5 -untranslated sequence of 
large i mRNA were synthesized and covalcnlly linked to poly-L-lysine. Conjugates contain- 
mliV complementary to the sequence 3' to the cap site of largo T 

K. ^.T'' inhibitory effect on large T-aniigen expression in COS cells 

ana block also virus replication in CV-I cells. 

• Dedicated Co Prof. Dr. II. Bihka on ihc occasion of his 60lh birthday 



> 

5 



O 

o 



86 

P. Westermann ct ai 

Materials and methods 

Cells 

CV.| cells and COS cells [14] were cultivated in Eagle-MEM medium containing 10% calf serum. 



■J 



Synthesis of oligodeoxy ribonucleotide poly-L-lys'ine conjugates 

Oligodeoxynucleoiides complementary difTercnt regions of large T mRN A (compare Fig. 1) were synthe^ 
ed with a DN A synthesizer 380B (Applied Biosystems. USA) using glass beads (Serva glass, pore size 100 
denvatized with a modified spacer that can be hydrolyscd after completion of synthesis renting in thc^ 
formation of a 3'-carboxy group [14]: 

carricr-(CH2)3-NH-CO-CH2-CH2-CO- • 
-NH-CH,-CH,-0-C0-CHj-CH,-C0-NH-CH2-CHj-0H 

loligodeoxynucleotide synthesis V'-.- -A 

. . ■ ■ 9 • . •.■■-':--/^--v;4;^" 

-NH-CH,-CH,-0-CO-CH,-CH,-CO-NH-CH,-CH,-0-P-0-3>lig<;deoxin^^^ 

i hydrolysis O" 




H00C-CH,-^H,-C0-NH-CH,-CH,-0-P-0-3'-oiiUeoxynii 

o" - ' . . ^y:: 

The 3'-carboxy-modiried oligodeoxynucleotides were coupled in a molar ratio of 1 : 1 to poly-L-lysincs'^f^ 
molecular weights of 3700, 6000 and 50000 by addition of a lO-foId molar excess of l-€thyI-3(3-dunethyir 
aminopropyD-carbodiimide-hydrochioride in a buffer containing 2.5 M sodium chloride and 0.1 M sodiud 
morpholinoethansulfonate, pH 5.0. The conjugates were purified by Sephadex G25 gel chromatography and - 
stored in 1.4 M sodium chloride, 20 mM Tris-hydrochloride, pH 7.5 (buffer A). . 
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Fig. 1. Arrangement of oligodeoxyribonuclcotides A-F within the 5'-terminal sequence of the mRNA oif^ 
SV40 large T-antigen 
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'inhibition of large T-miigen expression in COS cells 
t itfi rOS cells in multidish cell culture plates (24 wells) were added 0.2 ml MEM medium with a 

tgSdlrot' ^'^KSSTt^ -C f„"phere 3 .Ci ."^metHlonine were added and 

=^^^TSSrcer:«H^^^ buirer B containing 0 .4 M sodium chloride. 0.003 M potassium 

^tihS^rS 02 M H^i pH 7.5. 0.1 mM phenylmethylsulfonyinuoride and 0.5%Tri.on X-.OO. After cen m- 
.^5eHonde.a02 M Mepes pn , ^ J' ^.^^^ ,0j,| hamster ant. T serum and meubatcd 

S "Th ar22 -C rrt r rdUiorof a suspense of formaldehyde-Oxed Staphylococcus aureus ce s ,hc 
JSJ^ i^s co^!;:^t;:!ditional . ^.TU. .sulnng peue. was wj;J^c.t,uee times wnh » 
|.;thereafter extracted with SDS sample buffer (1 % sod.um dodecylsulfa.e. O.l M Tns HCI. pH >.x ... 
"fii mercaptoethanol, 20% glycerol). n"/ onrtifm eel After fixaiion 

^X-Omal film was for 64 h al -70 X. 

^ibition of SV40 virus-mediated large T-aniigen expression in CV-l cells 
M\. 10" CV-l cells per well were cultivated in 0.5 ml MEM medium w.th 10% calf serum The ol.go- 

is a^L^/l^r ^^Ze^'l^Io^i.. C) f.r 30 min 

^"nJLcent nuclei (Fig. 2) were counted and related to the toul number of cells. The average ex- 
vxpression oflarge T-antigen was measured as described before for COS cells. 

Results 

Inhibition oflarge T-antigen expression in COS cells 

■ COS cells express large T-anligen thai can be visualized by two-dimensional elecirophorcsis 
;■ 1161 and is precipitated by ami T serum 117]. For studying "anttsensc .nh.b.t.on the effect 
exerted by the oligodeoxyribonucleoiides had to be measured over several hours Therefore 
cells were labelled 4 h after administration of the oligodeoxynucleot.de conjugates for 16 h 
with ["Slmethionine in the presence of low concentration of unlabelled melh.on.ne tn the 
medium. Urge T-antigen was then immunoprecipitated from cell lysate and identtf.ed by 
polyacrylamide gel electrophoresis and fluorography. 

Treatment of COS cells with 80 ng conjugate of oligodeoxynucleot.de A and poly-L- 
lysine of molecular weight 3700 or 6000 reduces the labelling of large T-ant.gcn by 5 or 
. 74%. respectively (see Tab. 1). Application of 40 ng/ml conjugate dim.n.shes the clloct; 
below 20 ng/ml no inhibition could be measured (data not shown). 
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Tabic 1 

Inhibition of large T-antigcn expression in COS cells by anlisense oligodeoxy- 
nucleottdes' 



Oligodeoxy- 
nucleotide^ 


conjugated to poIy-L-lysinc 
(molecular weight) 


Inhibition of expression 


A 


3700 
6000 


52%* 
74%* 


B 


3700 


no inhibition* 


C 


3700 
6000 


no inhibition* 
no inhibition* 


D 


3700 
6000 


no inhibition* 
25% 


E 


6000 


no inhibition* 


F 


6000 


56%* 



' The percentage of inhibition in relation to untreated controls is given as mean value 
of three experiments. 

^ The concentration of oligodeoxynucleotide (in form of the conjugate) is 80 ng/ml 
medium. 

* Mean square error 10%. 

* Inhibition, if any. is smaller than 10%. 




Fig. 2. Inhibition of large T-antigcn cx- i 
prcssion by oligodeoxyribonucleotidepo- j;^' 
ly-L-lysine conjugates in COS cells. 
I and 6: untreated controls; 2—5: COS. 
cells treated with 5. 10, 20, 40 or 80 
oligodeoxynucleotide A conjugated to 
poly-L-lysine of 6 kDa; 7—10: COS cells 
treated with 5, 10. 20, 40 or 80 jig oligo- ; 
deoxynucleotide F conjugated to poIy-L- 
lysine of 6 kDa v.] 
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SV40 T-antigen antiscnse oligodeoxyribonucleotidcs 

increasing the length of the o'^^f ^.In^^^ 

..ongly theinhibUi^^^^^^^^^^^^^^ than po,y-.-.ysinc 

poly-L-lysme moleeu'^r weight by using poly-L-lys.ne of 

of molecular we.ght 3700. ^.^^^^^^^^ '"^^'^'^'^ g.^es Comparing the effects of A. E, and F 

SOkDa results m the shows that the 5'- and 3--terminal 

conjugated to poly-L-ly«ne of molecular ^^^J^ o«u -amisense • inhibition 

parts of the 5'-untranslatedreg.n o^^^^^^^^^ , ,,,3.n- 

r^g^S— cieX^^^^^ - m.dd,e par. of the 5 -reg.on, no mh.b,- 
tion was observed. 



inhibiuon of large T-an.igen expression in SV40 virus-infeced cells 

* ATM \ rplk takes 6 to 7 days until large T-anugen 

. sv» vin,, '"'triTbytir— ^^^^^ ""O" 
|f^^r:n;:?:=::ni — --.s „», . » nan., .... 

i tion of expression \n all cells. ..uiuimrv artivitv in conccntraiions up to 

I Oligodeoxyribonucleotides as such possess no '"^^'b'tory ac v ly ,n co 



nuclcolidcs* . 



Oligodcoxy- 
nucleolidc' ' 



conjugated to poly-L- Treatment of cells with conjugate^ 
lysine (molecular ~ !" . 

weight) on day I on day 1 and 



2 on day I, 2 and 3 



Analysis on 

day 6 day 7 day 6 



3700 
6000 



51% / 32« 



55* 



/ 41 



3700 



52".; / 49 : 



6000 



85% / 69% 



79% 
75% 
88% 



3700 
6000 



no inhibition^ 
21% / 12% 



22^ 



day 7 


day 6 


day 7 


/ 75% 


85% 


/ 80".. 


/ 63":„ 


86 


; 72% 


; 70% 


62";, 


; 73".. 


/ 72% 


80'!,, 


/ 85"., 


/ 25% 


26"., 


, 32% 



6000 



35% / 41% 



n.d. 



n,d. 



• The percentage of inhibition in relation to untreated cTn.rols is given as nwan value of three , 
pcrimcnts. 

' Thcconccniralion of oligodcoxynuclcocidcs is 10 Mg, ml medium. 
' Inhibition, if any. is smaller than 10%. 
n.d,, not determined 
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Fig. 3. Inhibition of large T- 
antigen expression in SV40 
virus-infected CVl cells. . 
A) untreated control analyzed 
on the 6th day; B) cells trcau 
ed with 10 .^g/ml.conjugat^. 
of . oligodeoxyribonudeotidc- 
A and poly-L-lysine of 6 kl^ 
4 h afler infection with SV40 



in COS cells. Experiments, with '^P-labelled oligodeoxynucleotides proved :a rapid degra- 
dation within the cells in less than 1 h (data not shown). 

Treatment of SV40 virus-infected cells with covalent conjugates of oligodeoxynucleotides 
and poly-L-lysine inhibits the expression of large T-antigen in analogy to the experiments 
performed with COS cells. In order to study the kinetics of inhibition, oligodeoxynucleotide 
poly-L-lysine conjugates were added at different times with respect to infection by SV40 
virus. Addition of conjugates either 4 h before infection, at the same time as SV40 virus or, 
respectively, 4 and 1 6 h after infection causes no differences in the extent of inhibition. On the 
other hand, a repeated addition of the conjugate during the first, second and third day of 
infection increases the inhibitory activity (see Tab. 2). 
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• "SV40 T-anligen antiscnse oligodcoxyribonucleotides 

5i' ■ 

S "The expression of large T-antigen is decreased by conjugates of oligodeoxynucleoi.de 
U and poly-Uysine in the range between 51 % to 86% on the 6th day (see F.g. 3 . and 
' ■ between 32% and 80% on the 7th day depending on the duration of treatment. The 
.<^rcsults also demonstrate that the inhibition decreases with increasmg time between treat- 
ment and analysis. Prolonged incubation of cell cultures for up to 1 2 days without additional 
' conjugate treatment further increases the expression of large T-antigen (data not shown). 
? • Comparison of the effects of conjugates of oligodcoxyribonucleotides A B C. and D 
- shows a decrease of inhibition with increasing chain length. In experiments with oligodeoxy- 
ribonucleotide D. a 43-mer. it is also evident that conjugation with larger poly-L-lysmes re- 
sults in more potent inhibitors. - .U All/- „^^„ 
Oligodeoxyribonucleotide F, complementary to a region encompassing the AUG codon 
f: and the 19 5'-joined nucleotides, shows in SV40 virus-infccied CV- 1 cells a medium inhibition. 



^^:biscussion 

^^teific inhibition of virus replication or expression of virus proteins by oligodeoxyribo- 
^nucleotides complementary to 3'-LTR sequences [3) or to primer and splice sites [4. 5] were 
^I'^observed for retroviruses. SV40 virus replicon function was inhibited by antisense RNA 
directed against the total 5'-untranslated region of large T mRN A encompassing nucleotides 
' ■ • 5237-5092 [21] Therefore, oligodeoxynucleotides complementary to parts of the 5' untrans- 
lated sequence were synthesized and added to the medium that was used forcultivalion of 
4 COS cells. In our experiments, large T-antigen expression in COS cells or SV40 virus re- 
./ ■•plication in CV-1 cells was not inhibited by these oligodeoxynucleotides. Also "oncovalen 
Ircomplexes between these oligodcoxyribonucleotides and poly-L-lysine. h.stone HI. HMGl 
■'^S protein or DEAE dextran 500 exert no inhibitory activity. As one exception, an inhibilion 
^. of virus replication was observed by cotransfection of SV40 DN A and oligodeoxynucleotide 
^■F using the calcium phosphate precipitation technique in analogy to [6]. The lack ot in- 
^^I hibitory activity of the oligodeoxynucleotides may depend in these cells on the >ow nieta- 
bolic subility characterized by a half life of 5'-labelled oligodeoxynucleotides of less than 1 h 
(data not shown). In experiments with HL60 cells, successful inhibition of c-myc expression 
" by a complemenury oligodeoxynucleotide was connected with a half life of the oligodeoxy- 
nucleotide between 24 and 48 h [18]. 
, In contrast to the results obtained with oligodeoxynucleotides or their complexes with 
^t-- - positively charged polymers, covalent conjugates between complemenury oligodcoxy- 
M nucleotides and poly-L-lysines are potent inhibitors of large T mRNA translation. A com- 
% parison of poly-L-lysines with average molecular weights of 6000 and 3700 shows that poly- 
'• L-lysine with the molecular weight of 6000 yields the stronger inhibitory conjugates. The 
■■■ difference is even more pronounced by application of larger oligodeoxynucleotides. The 
. increasing effect with increasing number of positive charges of the polylysincs (18 or 29 
\ respectively) and the decrease in inhibition with increasing number of negative charges of 
• the oligonucleotide (21, 22, 25, 28. and 43) leads to the conclusion that the total charge of 
■ inhibitory conjugates should be positive or only weakly negative. The positive charge seems 
to be necessary for binding of macromoleculcs to the cell membrane in general and for 
endocytosis, as it was also demonstrated for proteins 113). 
.5 ^ . Comparing the parts of the 5'-untranslated sequence of large T-antigen mRNA u becomes 
evidem that the 5' third is the best target for "antisense" inhibition of transhiiion. One 
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reason might be that this sequence is. needed for binding of initiation factors during the first 
steps of protein synthesis initiation (19). On the other hand, region 5217-5188 shows nocon- -! 
tigous sequences larger than 6 nucleotides with complementarity to other parts of the mRNA'^^ 
and possesses therefore a low degree of secondary structure. As a result an unimpaired 
hybridization with complementary oligodeoxynucleotides can be expected. 

The missing inhibitory effect of oligodeoxynucleotide E may depend on hybridizaUon > 
between sequence 5187-5171 and the complementary sequence 4417-4433 in the coding re- % 
gion; both are homologous in 15 out of 17 bases. The resulting double stranded structure ^ 
IS the largest withm the large T mRNA and a hybridization energy of -27.9 kcal/mole '1 
can be calculated. The disUnce between both regions is 390 nucleotides aAer mRNAl^ 
splicing. . 4jJ 

The region complementary to oligodeoxynucleotide F shows at a maximum 6 conUguou^f 
bases complementary to other parts of the mRNA that may explain the successful bind^-^ 
mg of oligodeoxynucleotide F and its inhibitory effect. On the other hand, the region includes^**? 
the AUG start codon and a putative binding site for 18S rRNA [19]. Two sequencesiL 
(5 1 59-5 1 55 and 5 ! 62-5 1 65) show a good homology to the consensus sequences of the binding'^l 
site proposed in (19], and the 3' tenninal one could interact with oligodeoxynucleotide F 4 
Both sequences, the AUG codon and the consensus sequence, are cnicial sites for protein'^ 
synthesis initiation, and their hybridization may inhibit large T synthesis. The comparison'^^ 
of the effects in COS and CV-1 cells shows that SV40 virus-mediated large T expression is^^ 
more sensitive towards "antisense" inhibition. In this case a concentration of about 10 ug i 
per ml oligodeoxynucleotide in the forni of a polylysine conjugate is sufficient for an in- 1 
hibition of up to 80%. In COS cells between 40 to 80 ug per ml medium are needed for a C 
similar suppression of large T synthesis. An explanaUon could be that COS cells 
obtained by transformation of CV-1 cells as a rapidly proliferating cell Une, expres^ ' 
enzyme(s) with double strand unwinding activity. Similar activities observed in Xenopus 
oocytes after fertilization were shown to abolish "antisense" inhibition completely [20] 
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